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FLIGHT REPORT FROM STS 35
The Shuttle Upper Atmosphere Mass Spectrometer (SUMS was flown on Shuttle
Flight STS 35 in December 1990. Columbia was launched on December 1, 1990, at
Kennedy Space Center (KSC). Sums on orbit operations were performed on December
10, 1990 and entry operation were performed on December 11, 1990. STS 35 landed at
Edwards Air Force Base, California on December 11, 1990.
Data reduction from the flight has been performed and is included as follows:





PLOT OF SPECTRA, ORBIT
PRINTOUT OF PEAKS, ORBIT







PLOT OF SPECTRA, ENTRY
PRINTOUT OF PEAKS, ENTRY
PLOTS OF PEAKS, ENTRY
SNAPSHOT CURRENTS, ENTRY




PRINTOUT TIME, ION PUMP, TEMP1, TEMP2, PRESS, TEMP3
PLOT OF ION PUMP MONITOR
PLOT OF PRESSURE TRANSDUCER DATA





PRINTOUT OF PRESSURE, VOLTS OUT FOR, 1 AND 1.0 PSIA
PLOT AND CURVE FIT OF DATA
PLOT OF 0.1 PSIA DATA
PLOT OF 1.0 PSIA DATA
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1.0 On Orbit Data
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1.0 On Orbit Data










TIME 44 40 32
21417.898 2.98E-12 1.64E-12 2.70E-12
21422.896 2.98E-12 1.63E-12 2.67E-12
21427.893 3.01E-12 1.64E-12 2.70E-12
21432.900 2.91E-12 1.64E-12 2.76E-12
21437.897 2.98E-12 1.67E-12 2.73E-12
21442.895 2.94E-12 1.63E-12 2.70E-12
21447.901 2.98E-12 1.61E-12 2.70E-12
21452.898 2.94E-12 1.66E-12 2.73E-12
21457.905 2.98E-12 1.64E-12 2.73E-12
21462.902 2.91E-12 1.63E-12 2.70E-12
21467.899 2.98E-12 1.60E-12 2.70E-12
21472.906 2.94E-12 1.64E-12 2.70E-12
21477.903 2.98E-12 1.64E-12 2.73E-12
21482.901 2.94E-12 1.60E-12 2.70E-12
21487.907 2.98E-12 1.63E-12 2.70E-12
21492.904 2.94E-12 1.69E-12 2.73E-12
21497.911 2.94E-12 1.64E-12 2.67E-12
21502.908 2.94E-12 1.61E-12 2.70E-12
21507.906 2.98E-12 1.58E-12 2.70E-12
21512.912 2.94E-12 1.64E-12 2.73E-12
21517.909 2.91E-12 1.63E-12 2.70E-12
21522.907 2.94E-12 1.64E-12 2.73E-12
21527.913 2.91E-12 1.63E-12 2.67E-12
21532.910 2.91E-12 1.63E-12 2.67E-12
21537.917 2.91E-12 1.61E-12 2.67E-12
21542.914 2.94E-12 1.66E-12 2.70E-12
21547.912 3.01E-12 1.61E-12 2.73E-12
21552.918 2.91E-12 1.64E-12 2.70E-12
21557.915 2.94E-12 1.63E-12 2.67E-12
21562.922 2.91E-12 1.67E-12 2.73E-12
21567.919 2.94E-12 1.64E-12 2.73E-12
21572.917 2.88E-12 1.63E-12 2.70E-12
21577.923 2.98E-12 1.60E-12 2.67E-12
21582.920 2.98E-12 1.61E-12 2.70E-12
21587.918 2.94E-12 1.61E-12 2.70E-12
21592.924 2.91E-12 1.61E-12 2.67E-12
21597.922 2.94E-12 1.6iE-i2 2.67E-12
21602.928 2.94E-12 1.66E-i2 2.70E-12
21607.925 2.94E-12 1.63E-12 2.73E-12
21612.923 2.91E-12 1.61E-12 2.70E-12
21617.929 2.91E-12 1.61E-12 2.67E-12
21622.926 2.94E-12 1.64E-12 2.73E-12
21627.924 2.88E-12 1.58E-12 2.73E-12
21632.930 2.88E-12 1.64E-12 2.70E-12
21637.928 2.88E-12 1.64E-12 2.67E-12
21642.934 2.88E-12 1.63E-12 2.64E-12
21647.931 2.91E-12 1.60E-12 2.64E-12
21652.929 2.88E-12 1.66E-12 2.70E-12
21657.935 2.94E-12 1.61E-12 2.67E-12
21662.933 2.88E-12 1.63E-12 2.67E-12
21667.939 2.88E-12 1.61E-12 2.73E-12
21672.936 2.91E-12 1.63E-12 2.73E-12
21677.934 2.91E-12 1.63E-12 2.67E-12
21682.940 2.85E-12 1.58E-12 2.67E-12





















































































































TIME 44 40 32
21692.935 2.88E-12 1.64E-12 2.64E-12
21697.941 2.91E-12 1.55E-12 2.64E-12
21702.939 2.85E-12 1.61E-12 2.64E-12
21707.945 2.88E-12 1.61E-12 2.67E-12
21712.942 2.91E-12 1.61E-12 2.70E-12
21717.940 2.91E-12 1.61E-12 2.67E-12
21722.946 2.88E-12 1.66E-!2 2.67E-12
21727.944 2.88E-12 1.60E-12 2.70E-12
21732.941 2.94E-12 1.67E-12 2.70E-12
21737.947 2.94E-12 1.64E-12 2.67E-12
21742.945 2.91E-12 1.64E-12 2.67E-12
21747.951 2.85E-12 1.58E-12 2.70E-12
21752.949 2.94E-12 1.64E-12 2.67E-12
21757.946 2.91E-12 1.61E-12 2.67E-12
21762.952 2.85E-12 1.63E-12 2.67E-12
21767.950 2.85E-12 1.64E-12 2.73E-12
21772.956 2.91E-12 1.66E-12 2.70E-12
21777.954 2.91E-12 1.61E-12 2.64E-12
21782.951 2.88E-12 1.67E-12 2.73E-12
21787.957 2.88E-12 1.63E-12 2.70E-12
21792.955 2.94E-12 1.66E-12 2.70E-12
21797.952 2.94E-12 1.64E-12 2.67E-12
21802.958 2.88E-12 1.63E-12 2.70E-12
21807.956 2.88E-12 1.61E-12 2.67E-12
21812.962 2.91E-12 1.64E-12 2.67E-12
21817.960 2.88E-12 1.61E-12 2.67E-12
21822.957 2.88E-12 1.66E-12 2.67E-12
21827.963 2.85E-12 1.66E-12 2.70E-12
21832.961 2.94E-12 1.64E-12 2.67E-12
21837.958 2.91E-12 1.61E-12 2.64E-12
21842.965 2.85E-12 1.66E-12 2.70E-12
21847.962 2.88E-12 1.63E-12 2.67E-12
21852.968 2.91E-12 1.60E-12 2.67E-12
21857.966 2.91E-12 1.66E-12 2.70E-12
21862.963 2.85E-12 1.64E-12 2.70E-12
21867.970 2.85E-12 1.67E-12 2.73E-12
21872.967 2.88E-12 1.61E-12 2.64E-12
21877.964 2.85E-12 1.64E-12 2.70E-12
21882.971 2.85E-12 1.60E-12 2.70E-12
21887.968 2.88E-12 1.63E-12 2.73E-12
21892.975 2.91E-12 1.61E-12 2.67E-12
21897.972 2.88E-12 1.50E-12 2.70E-12
21902.969 2.85E-12 1.63E-12 2.73E-12
21907.976 2.88E-12 1.64E-12 2.76E-12
21912.973 2.91E-12 1.64E-12 2.73E-12
21917.979 2.85E-12 1.63E-12 2.70E-12
21922.977 2.85E-12 1.63E-12 2.67E-12
21927.974 2.91E-12 1.67E-12 2.73E-12
21932.981 2.88E-12 1.67E-12 2.67E-12
21937.978 2.91E-12 1.63E-12 2.67E-12
21942.976 2.82E-12 1.64E-12 2.73E-12
21947.982 2.85E-12 1.63E-12 2.73E-12
21952.979 2.85E-12 1.61E-12 2.67E-12
21957.986 2.85E-12 1.63E-12 2.67E-12



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TIME 22 20 18
21417.898 2.05E-13 4.20E-13 1.69E-II
21422.896 1.82E-13 4.55E-13 1.69E-II
21427.893 2.05E-13 4.09E-13 1.66E-II
21432.900 1.82E-13 4.09E-13 1.69E-II
21437.897 1.94E-13 4.32E-13 1.69E-II
21442.895 1.88E-13 4.03E-13 1.69E-II
21447.901 2.05E-13 4.09E-13 1.66E-II
21452.898 2.00E-13 4.20E-13 1.69E-II
21457.905 1.94E-13 4.20E-13 1.69E-II
21462.902 1.88E-13 4.38E-13 1.69E-II
21467.899 2.23E-13 4.15E-13 1.66E-II
21472.906 2.00E-13 4.20E-13 1.69E-II
21477.903 1.65E-13 4.15E-13 1.69E-II
21482.901 2.23E-13 4.38E-13 1.69E-II
21487.907 2.11E-13 4.32E-13 1.66E-II
21492.904 1.94E-13 3.86E-13 1.69E-II
21497.911 1.65E-13 4.09E-13 1.69E-II
21502.908 1.94E-13 3.97E-13 1.69E-II
21507.906 1.88E-13 4.32E-13 1.66E-II
21512.912 1.65E-13 4.15E-13 1.69E-II
21517.909 1.82E-13 4.38E-13 1.69E-II
21522.907 2.11E-13 4.38E-13 1.66E-II
21527.913 1.94E-13 4.26E-13 1.69E-II
21532.910 1.82E-13 4.03E-13 1.69E-II
21537.917 2.11E-13 4.20E-13 1.69E-II
21542.914 1.82E-13 4.32E-13 1.69E-II
21547.912 1.94E-13 4.26E-13 1.66E-II
21552.918 2.05E-13 3.97E-13 1.69E-II
21557.915 1.88E-13 4.26E-13 1.69E-II
21562.922 1.88E-13 4.26E-13 1.66E-II
21567.919 1.94E-13 3.97E-13 1.66E-II
21572.917 1.82E-13 3.97E-13 1.69E-II
21577.923 2.05E-13 4.03E-13 1.69E-II
21582.920 2.00E-13 4.09E-13 1.66E-II
21587.918 1.82E-13 3.91E-13 1.66E-II
21592.924 1.88E-13 4.15E-13 1.69E-II
21597.922 2.05E-13 4.32E-13 1.69E-II
21602.928 2.00E-13 4.06E-12 2.91E-12
21607.925 1.88E-13 4.26E-13 1.66E-II
21612.923 1.82E-13 3.91E-13 1.69E-II
21617.929 1.76E-13 4.26E-13 1.69E-II
21622.926 2.05E-13 4.15E-13 1.66E-II
21627.924 1.94E-13 3.97E-13 1.66E-II
21632.930 2.05E-13 4.03E-13 1.69E-II
21637.928 1.88E-13 4.15E-13 1.69E-II
21642.934 2.05E-13 3.91E-13 1.66E-II
21647.931 1.71E-13 4.20E-13 1.66E-II
21652.929 1.71E-13 4.03E-13 1.69E-II
21657.935 1.70E-13 4.09E-13 1.69E-II
21662.933 1.82E-13 4.09E-13 1.66E-II
21667.939 2.05E-13 4.20E-13 1.66E-II
21672.936 2.11E-13 4.15E-13 1.69E-II
21677.934 1.65E-13 3.86E-13 1.69E-II
21682.940 1.88E-13 3.91E-13 1.66E-II









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.0 On Orbit Data
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1.0 On Orbit Data
1.4 Detail Test Objectives
= ,
i ? s2 r-:// ," _ .4 "/
CR 507
Attachment
DTO 0902 OEX SUI_S (Shuttle Upper Atmosphere Mass Spectro_ter)
(ID3/R. R. Richards)
PURPOSE/OBJECTIVE
The purpose of the SUMS experiment is to measure air density and identify
atmospheric constituents in the upper at_sphere where free transitional flow
phenomena predominate and where current analytical and experimental
techniques are inadequate for accurately predicting vehicle flight
performance. The information gathered will be used to calculate the
aerodynamic force coefficients and derivatives in ?light over the entry
trajectory from free molecular flow to continuum flow (near vacuum of space







3. OEX System Control Module ($CM)
b. Instrumentation:




SUMS operatlons will be controlled by the SCM in response to uplink
(real-time MDM or stored program commands) and by environmentally sensed
commands,
b. Prelaunch:
1. Maintain vacuum in Mass Spectrometer -- COMMAND ON: SUMS VACUUM
MAINTENANCE POWER ON (via MOM LFI).
2. Between 4.5 hours and 4.0 minutes before l_unch, COMMAND OFF: SUMS
VACUUM MAINTENANCE POWER OFF (All power to SUMS is OFF during
launch). At approximately one hour before launch, the LFI MOM ,_st
relinquish vacuum maintenance power contro7 to the OEX $CM. This is
via the LFI MDM. The SCM will then co_ence automatic control of
I
JAN _8 '_i I_: I_ PAGE.003
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de
the vacuum maintenance power (at approximately T-20 minutes via MDM
PFI.)
On-Orb it:
Note: While on orbit, two types of activities wlll occur: (I) a system
"exercising" (no data) and (2) a data take during a maneuver, described
below. There will also be a data take during entry, described below.
I. System Exercise - After orbit insertion (01) plus any time within 2
hours, COMMAND ON: SUMS VACUUM MAINTENANCE POWER ON. After orbit
insertion plus 20 hours, COMMAND ON: SUMS ION PUMP POWER ON. After
approximately 30 minutes. COMMAND OF_: SUMS ION PUMP POWER OFF.
(SUMS VACUUM RAINTENANCE POWER is to be maintained ON continuously).
Repeat System Exercise every 12 hours thereafter.
I
I
2. Qrbi_l D_ta Take - CRITICAL EXPERIMENT TIME: 1400 hours (± B
minutes) local solar time, during any selected orbit. Systems warm-
up required: At 2 hours prior to initiation of data take, COMbiAND
ON: SUMS ION PUMP POWER ON _'_SL_RT "^"_ yON. At 30
minutes prior to data take: COMMAND ON: OEX AC[_ .POWER ON (thls
activates the HIRAP, the required Instrument). _
Orientation - During the data take, there must be an orientation
change from maximum drag through minimum drag (nose in direction of
velocity vector) and back to maximum drag, involving a L_)Odegree
pitch rotation with roll and yaw held to zero degrees plus or minus
10 degrees. The initial position for this rotation is orbiter +X
axis at -110 degrees plus or minus 5 degrees with respect to the
velocity vector (nose pointed to earth, +Z axis pointed toward
velocity vector). The orientation change should be initiated by one
thruster firing (with no subsequent firings during the maneuver) to
acquire a reasonable constant rate between 0.i deg/sec to 1.0
deg/sec. The final position is orbiter +X axis at +90 degrees plus
or minus 5 degrees. Onboard activity should be held to a minimum and
there should be no effluents. At the beginning of the DATA TAKE,
COMMAND ON: OEX TAPE RECORDER POWER ON and OEX PCM POWER ON. Record
approximately one (i) minute in the initial position and also one (1)
minute in the final position. Then, COMMAND OFF: OEX TAPE RECORDER
POWER OFF, OEX ACIP POWER OFF, OEX PCM POWER OFF, SUMS
INSTRUMENTATION POWER OFF, SUMS ION PUMP POWER OFF (SUMS VACUUM
MAINTENANCE POWER stays on). Repeat DATA TAKE if time permits.
Oeorblt:
I. E_try Data Take - System warm-up required: 2 hours before deorbit
burn , COMMAND ON: SUMS ION PUMP POWER ON and SUMS INSTRUMENT POWER
ON. Then, 30 minutes before deorbit burn, COM_t_ND ON: OEX ACIP POWER
ON. At 5 minutes before deorbit burn, COMMAND ON: OEX TAPE RECORDER
POWER OH, and OEX PCM POWER ON (These latter two at least 30 seconds






1. COMMAND OFF: SUMS ION PUMP OFF and SUMS INSTRUMENT POWER OFF.
2. Maintain COMMAND ON: SUMS VACUUM MAINTENANCE _OWER ON whenever ships
power available.
DATA REOUIREMENTS
a. BET/MET (Best Estimate Trajectory/Meteorological Evaluation Tape). (M)
b. SUMS, ACIP and HIRAP data recorded by the OEX recorder during the test
periods. (M)
c. Postlanding re-recording of OEX recorder SUMS data onto ground-based
recorder. (M)
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